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(54) TITANIUM ALLOY AND HARD TISSULAR SUBSTITUTIVE MATERIAL USING SAME 

(57)Absfract: 

PROBLEM TO BE SOLVED: To provide a new titanium alloy having strength 
particularly suitable for an organic hard tissular substitutive material for the such as bone, 
a part of the bone, prostheses for the bone, an artificial joint, a dental root, and an implant, 
and also having high elongation and low elastic modulus and also to provide a hard tissular 
substitutive material using this titanium alloy. 

SOLUTION: The titanium alloy has a composition consisting of, by weight, 20-60%, in 
total, of Nb and Ta and the balance Ti with inevitable impurities. It is desirable to regulate 
Nb content and Ta content to >1 5-50% and >6-20%, respectively. One or ≥2 kinds 
among ≤ 1 0% Mo, ≤5% Zr, and ≤5% Sn are further added to the above titanium > a 
alloy. The hard tissular substituting material is obtained by subjecting these titanium alloys \« & 
to solution heat treatment or further to aging treatment. i 
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CLAIMS 



[Claim(s)] 

[Claim 1] The titanium alloy characterized by a 20wt%-60wt% implication and the remainder consisting Nb and Ta of Ti and an unescapable 
impurity in the sum. 

[Claim 2] The titanium alloy according to claim 1 characterized by the content of the above Nb being less than [ 1 5wt% ** -50wt% ]. 
[Claim 3] The titanium alloy according to claim 1 or 2 characterized by the content of the aforementioned Ta being less than [ 6wt% ** 
-20wt% ]. 

[Claim 4] the aforementioned titanium alloy -- further -- the titanium alloy according to claim 1 to 3 characterized by adding Mo not more than 
10wt%, Zr not more than 5wt%, a kind of Sn not more than 5wt%, or two sorts or more 

[Claim 5] The hard organization alternate material according to claim 1 to 4 characterized by having performed solution treatment to the 
aforementioned titanium alloy, and making the crystal grain of this titanium alloy recrystallize. 

[Claim 6] The hard organization alternate material according to claim 5 characterized by giving an aging treatment to the aforementioned 
titanium alloy after the aforementioned solution treatment. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the hard organization alternate material using the titanium alloy which 
was especially suitable for a living body's artificial aggregate or its part or hard organization alternate material like those supplementary 
material, and this titanium alloy about a new titanium (Ti) alloy. 
[0002] 

[Description of the Prior Art] Generally, the titanium alloy represented by Ti-6wt%aluminum-4wt%V is applied or examined by the dental 
implant for dentistries, and the artificial aggregate of medical application. Titanium depends this on having high adaptability in in the living 
body compared with other metals. However, according to the various researches, it is pointed out among the above-mentioned titanium alloys 
that V (ha Nasi ** ****) has toxicity to a living body's cell. For this reason, Ti-6wt%alurninum-7wt%Nb which changed to the 
above-mentioned V and added Nb and Fe, and the so-called alpha+beta type titanium alloys, such as Ti-5wt%aluminum-2.5wt%Fe, are 
proposed. However, indication that aluminum (aluminum) in **s et al. and these alloys invites a certain kind of ****** is also made. 
[0003] Then, while it had the cold- working nature which was excellent with elongation higher than an alpha plus beta titanium.alloy usingihe 
metallic element withoutindicaiion of the above-mentioned toxicity or allergy nature, an elastic modulus is made low and a beta titanium alloy 
came to be proposed that it should bring close to a hard organization in the living body. Ti-13wt%Nb-13wt%Zr, Ti-16wt%Nb-10wt%Hf, 
Ti-15wt%Mo, Ti-15wt%Mo-5wt%Zr-3wt%aluminum, Ti-12wt%Mo-6wt%Zr-2wt%Fe, Ti-15wt%Mo-2.8wt%Nb-0.2wt%Si-0.26wt%O, etc. 
are contained in this beta titanium alloy. However, the alloy of what component composition fitted hard organization alternate materials, such 
as an artificial aggregate, among ** et al. and each above-mentioned beta titanium alloy, or it seldom inquired, but was still indefinite. 
[0004] 

[Problem(s) to be Solved by the Invention] Especially this invention is suitable for a living body's hard organization alternate material in view 
of the above-mentioned proior art, and it aims at offering the hard organization alternate material using the new titanium alloy fit for an activity 
of the living body excellent also in corrosion resistance, and this titanium alloy while there are little toxicity and allergy and they have a 
moderate intensity, high elongation percentage, and a low elastic modulus to a living body. 
[0005] 

[Means for Solving the Problem] this invention is obtained by directing one's attention to adding Ta (tantalum) the specified quantity every 
collectively with Nb (********) to titanium, as a result of artificers' inquiring zealously about a beta titanium alloy, in order to solve the 
above-mentioned technical probrem. That is, the titanium alloy of this invention is characterized by a 20wt%-60wt% implication and the 
remainder consisting Nb and Ta of Ti and an unescapable impurity in the sum. If it is made the alloy of the applied composition, it will be 
enabled to solve the above-mentioned technical probrem. In addition, as for the upper limit of the domain which totals the above Nb and Ta, 
considering as 50wt% is desirable. As for the content of Nb, it is desirable that it is in less than [ 15wt% ** -50wt% ] within the limits among 
this titanium alloy. When alpha phase separates [ Nb ] in a metal texture less than [ 15wt% ] and Nb exceeds 50wt% on the other hand, it is 
because elongation begins to run short, and the more desirable upper limit of Nb is 45wt%. 

[0006] Moreover, as for the content of the aforementioned Ta, it is desirable that it is in less than [ 6wt% ** -20wt% ] within the limits. If Ta 
becomes less than [ 6wt% ], elongation begins to run short, on the other hand, when Ta exceeds 20wt%, it is for the melting point of the alloy 
itself] to go up too much, and the more desirable upper limit of Ta is 15wt%. Furthermore, what added Mo not more than 10wt% (****** ** 
** ** **), Zr not more than 5wt% (** ** a kind of Sn (tin) not more than 5wt%, or two sorts or more is further contained to 

each above-mentioned titanium alloy. By adding each element to apply, it is enabled to obtain the titanium alloy which has the property 
stabilized much more. 

[0007] Moreover, using the above-mentioned titanium alloy, solution treatment is performed to these and the hard organization alternate 
material characterized by making the crystal grain recrystallize and the hard organization alternate material which gave the aging treatment 
further after the solution treatment are also contained in this invention. By giving the above-mentioned solution treatment and/or an aging 
treatment, crystal grain in beta phase can be made detailed, and an intensity can be raised proper, and elongation and an elastic modulus can be 
rationalized. According to the hard organization alternate material to apply, as a bone or a root of tooth, the property and the effect of having 
got used to a living body's activity can be acquired, and it is enabled to contribute to the enhancement in the iatrotechnique by using as 
configuration members, such as the prosthesis, an artificial limb, or an artificial leg. 
[0008] 

[Embodiments of the Invention] The suitable gestalt for operation of this invention is explained with an example below. Ti was used as the 
base, Nb and Ta with the high adaptability to a living body were combined with Ti, and the titanium alloy which has the various component 
composition which added Mo, Zr, or Sn subordinately further was melted, respectively. These alloys were cast in mold and the ingot of a fixed 
size was obtained, respectively. Subsequently, after giving predetermined cold working to each starting ingot, the sheet metal of a required 
number was cut down from each of those manipulation material. Next, after giving predetermined solution treatment and/or a predetermined 
aging treatment to these sheet metal, respectively (refer to the drawing 1 ), it finished to the test piece of a necessary configuration, and the 
tensile test etc. was performed. Moreover, as an example of a comparison, it was made to pass through the process from the same lysis as the 

1 of 2 



above-mentioned view 1 to heat treatment, the alpha+beta type shown in the aforementioned proior art and the beta type titanium alloy were 
used as the test piece, and the same tensile test etc. was performed also about these. 
. [0009] 

[Example] A concrete example is given to below and it explains with the example of a comparison. Various Nbs and Ta with the high 
adaptability to a living body were combined with Ti, and the titanium alloy of each component composition which shows Mo, Zr, or Sn in 
Table 1 added subordinately further was melted. On the other hand, Ti-6wt%aluminum-4wt% V shown in Table 1 , Ti- 1 3 wt%Nb- 1 3 wt%Zr 
(alpha+beta type), etc. were melted as an example of a comparison (beta type). 
[0010] 
[Table 1] 

[001 1] Subsequently, each of these titanium alloys were cast in predetennined mold, and the 45g button ingot was obtained about each. The 
cold rolling (75% of rolling reductions) was performed to each starting button ingot, and the sheet metal which made the crystal grain of each 
alloy in-house make it detailed was obtained. Next, it cut down ten pieces of sheet metal at a time about each alloy from each sheet metal of 
these titanium alloys, respectively. Furthermore, while solution treatment (ST) of the conditions shown in Table 1 is performed to each sheet 
metal and those in-houses were made to recrystallize in the about 10-50-micrometer diameter of crystal grain, about every five pieces of the to 
shoot, the aging treatment (STA) was given succeedingly after that (refer to the drawing 1 ). 

[00 1 2] In addition, the processing time of the aging treatment (Aging) in the aforementioned table 1 was made into 3 hours or more for 
becoming the degree of hardness stabilized when this was exceeded to the degree of hardness being unstable in less than 3 hours, as shown in 
the graph of drawing 2 . The piece 1 of a tensile test shown in drawing 3 finish-machines each above-mentioned sheet metal. By performing a 
tensile test about one piece of these examinations [ each ] according to JIS;Z2241 , tensile strength (sigmaB/MPa), 0.2% proof stress 
(sigma0.2/MPa), elongation percentage (%), and the elastic modulus (GPa) were measured, respectively. Those measurement results (average) 
are shown in Table 2. 
[0013] 
[Table 2] 

[0014] In order to make the result of the aforementioned table 2 intelligible, an example No, 4, 5, 1 8, 1 9, 22, 23 and the example No of a 
comparison, each tensile strength of 1-6, elongation percentage, andjhe elastic modulus were shown in the drawing A .or the Aawing.6 . .as.a 
graph, respectively. In addition, since it was the same inclination as the tensile strength of drawing 4 , the graph of 0.2% proof stress was 
omitted. From these results, as for ST material (4, 18, 22) which performed only solution treatment of each example, elongation percentage 
became higher [ what ** ] than 30% or more and each example of a comparison (refer to the drawing 5 ), and tensile strength and the elastic 
modulus showed the value lower than the example of a comparison ( drawing 4 , six references). In addition, like the example of a comparison, 
when tensile strength and an elastic modulus are high, front faces, such as a bone which touches the site by which they were applied to the 
living body, are worn, and there is a possibility of becoming easy to damage. The adaptability to a living body becomes high so that it is close 
to this, since especially bony elastics modulus are about 30 GPas. The thing excellent in ST material of the titanium alloy of each [ from these 
results ] example which it will be united to the deformation, will follow, and will change if it is inserted into the relict texture of the fracture 
section, for example, since an intensity and an elastic modulus are lower than the example of a comparison while it is extended and it has a 
property, and a living body's hard organization is resembled, and it becomes bony [ a part of], and is used for a long time becomes possible. 
[0015] Although STA material (5, 19, 23) which, on the other hand, also gave the aging treatment of each example has tensile strength higher 
than ST material of the same composition, it is equivalent to each example of a comparison, or is a little lower than these (refer to the drawing 
4 ). Moreover, although elongation percentage falls from ST material of the same composition except for an example 5, the thing more than the 
example of a comparison and an EQC (10%**) also accepts (refer to the drawing 5 ). Furthermore, an elastic modulus shows a value lower 
than the example of a comparison except for an example 1 9 (refer to the drawing 6 ). From these results, STA material of the titanium alloy of 
each example is considered to be what has high adaptability to the comparatively hard hard organization other than the above-mentioned ST 
material. From these results, each aforementioned titanium alloy of this invention is giving solution treatment and/or an aging treatment, and it 
is understood that the various properties of being easy to get used to various kinds of hard organizations in the living body are acquired. In 
addition, in order to obtain a detailed recrystallization grain, as for the aforementioned solution treatment, it is desirable to heat at 800-1000 
degrees C, and to hold about 30 to 60 minutes. Moreover, in order to obtain an aforementioned intensity and an aforementioned degree of 
hardness, as for an aging treatment, it is desirable to heat at 400-500 degrees C, and to hold at least 2 hours or more, and when holding for 24 
hours, it is contained by the longest. 

[0016] It mentioned above, and also the titanium alloy and hard organization alternate material of this invention can also be used as the 
alternate material for [, such as an implant material an artificial joint, or orthodontics material, ] various hard organizations, or supplementary 
material of the part. Moreover, not only the above objects for living bodies but the titanium alloy of this invention can be applied to various 
fields other than medical application, for example, a machine instrument material, a welfare instrument material, a public welfare article 
material, etc. with the outstanding elongation, a moderate intensity, a low elastic modulus, and the property of the outstanding corrosion 
resistance. 
[0017] 

(Effect of the Invention] According to the titanium alloy of this invention explained above, a moderate intensity, high elongation, and a low 
elastic modulus can be obtained. Moreover, the hard organization alternate material using this titanium alloy has the outstanding property 
which was adapted for a living body's hard organization, and becomes possible [ that toxicity and allergy also offer the material which is easy 
to get used to a **** living body at a long period of time few ]. 
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* NOTICES ** 



The Japanese Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the flow chart of an outline showing the process which obtains the hard organization alternate material of this invention. 
[Drawing 2] It is the graph which shows the relation between a degree of hardness and the processing time in the aging treatment of the 
titanium alloy of this invention. 

[Drawing 3] (A) and (B) are the front view and the side elevations of the piece of a tensile test which used the titanium alloy of this invention 
etc. 

Drawing 41 It is the graph which shows the tensile strength of an example and the example of a comparison. 
Drawing 51 It is the graph which shows the elongation percentage of an example and the example of a comparison. 
Drawing 61 It is the graph which shows the elastic modulus of an example and the example of a comparison. 



Table 1] 



s 


No 


(wt%) 


mm 


n 

"ffc 

m 


1 


Ti - 16 Nb - 7 Ta 


ST A; 


R44T X 0i5 hr-* 40ffC X 3 hr 


2 


Ti-20 Nb- 9 Ta 


ST A* 


// — »■ // 


3 


Ti -25 Nb - 11 Ta 


ST A* 


// — >■ // 


4 


Ti -29 Nb - 13 Ta 


o 1 


QAA°T v 0_fi hr 


5 


Ti -29 Nb - 13 Ta 




// ROOT 1 X 3 hr 


6 


Ti -34 Nb - 20 Ta 


STA- 


f/ AfiCfV X S hr 

* r "M^Jk/ V** O 111 


7 


Ti -40 Nb - 10 Ta 


ST A* 


// — *• // 


8 


Ti-45 Nb- 8 Ta 


ST A; 


// — > tt 


9 


Ti -50 Nb- 7 Ta 


ST A; 


// — > ti 


10 


Ti-16 Nb - 13 Ta 


STA 


" -> 40tfCx 3 hr 


11 


Ti-21 Nb- 12 Ta 


STA- 


// — » // 


12 


Ti - 24 Nb - 14 Ta 


STA 


// tt 


m 


13 


Ti-30 Nb- 15 Ta 


STA 


-> 50CTCX3 hr 


14 


Ti-37 Nb - 10 Ta 


STA 


— 45CTCX 3 hr 


15 


Ti-42 Nb- 8 Ta 


STA 


// —*> tt 


16 


Ti-18 Nb- 10 Ta - 2 Mo 


ST 


844^ x 0.5 hr 


17 


Ti-18 Nb- 10 Ta - 2 Mo 


STA 


'/ 400flCx 3 hr 


18 


Ti-16 Nb- 13 Ta - 4 Mo 


ST 


844t:x OShr 


19 


Ti-16 Nb- 13 Ta- 4 Mo 


STA 


» 450Cx 3 hr 


20 


Ti-34 Nb- 20 Ta - 4.6 Zr 


ST 


844t X 0*5 hr 


21 


Ti-34 Nb - 20 Ta - 4.6 Zr 


STA 


" -> 40CXCx 3 hr 


22 


Ti-29 Nb - 13 Ta - 4.6 Zr 


ST 


844^ x O^hr 


23 


Ti-29 Nb- 13 Ta - 46 Zr 


STA 


// -> 45TCX3 hr 


24 


Ti-29 Nb - 13 Ta - 4.6 Sn 


ST 


;844tx (X5hr 


25 


Ti-29 Nb- 13 Ta- 4.6Sn 


STA 


; " -> 400HC x 3 hr 


26 


Ti-29 Nb- 13 Ta - 2 Sn 


ST 


;844^x 05 hr 


27 


Ti-29 Nb- 13 Ta- 2 Sn 


STA 


; '/ 400C x 3 hr 


it 
m 


1 


Ti - 6 Al - 4 V 


ST 


;955tx 1 hr 


2 


Ti- 6 Al- 4 V 


STA 


; "<Cx 1 hr-*480 tx4 hr 


3 


Ti - 5 Al - 2.5 Fe 


ST 


; "^x 1 hr 


4 


Ti- 5 Al- 2.5 Fe 


STA 


; "tx i hr— 520 tx4hr 


5 


Ti-13 Nb- 13 Zr 


ST 


; 775T: x 1 hr 


6 


Ti-13 Nb - 13 Zr 


STA 


; //tx 1 hr->425 °Cx 4 hr 
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s 


No 






<$Vm (96) 


m& <GPa> 




1 


863 


840 


3 


115 




2 


803 


715 


5 


73 




3 


1210 


1190 


3 


115 




4 


560 


205 


31 


63 


fg 


5 


570 


270 


36 


65 




8 


580 


410 


19 


55 




7 


560 


380 


21 


53 




8 


566 


373 


23 


53 




9 


420 


415 


27 


50 




10 


840 


827 


4 


104 




11 


1185 


1147 


4 


112 


to 


12 


1030 


968 


3 


78 




13 


430 


425 


20 


53 




14 


580 


410 


17 


61 




15 


570 


410 


23 


50 




16 


776 


564 


22 


80 




17 


989 


852 


15 


81 




18 


634 


550 


66 


46 




19 


1200 


1170 


3 


112 




20 


415 


410 


31 


49 




21 


419 


417 


25 


50 


m 


22 


522 


.245 


42 


-50 


23 


574 


330 


18 


56 




24 


527 


453 


27 


60 




25 


1035 


975 


3 


65 




26 


562 


397 


23 


60 




27 


1021 


1000 


5 


67 


Vl 


1 


896 


827 


15 


114 


2 


953 


822 


10 


114 




3 


901 


843 


15 


115 


1c 


4 


943 


886 


11 


115 




5 


798 


599 


20 


83 


m 


6 


994 


864 


18 


81 
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